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Abstract 

Introduction: Clinicians and specialty societies often emphasize the potential importance of natural light for 
quality care of critically ill patients, but few studies have examined patient outcomes associated with exposure to 
natural light. We hypothesized that receiving care in an intensive care unit (ICU) room with a window might 
improve outcomes for critically ill patients with acute brain injury. 

Methods: This was a secondary analysis of a prospective cohort study. Seven ICU rooms had windows, and five 
ICU rooms did not. Admission to a room was based solely on availability. 

We analyzed data from 789 patients with subarachnoid hemorrhage (SAH) admitted to the neurological ICU at our 
hospital from August 1997 to April 2006. Patient information was recorded prospectively at the time of admission, 
and patients were followed up to 1 year to assess mortality and functional status, stratified by whether care was 
received in an ICU room with a window. 

Results: Of 789 SAH patients, 455 (57.7%) received care in a window room and 334 (42.3%) received care in a 
nonwindow room. The two groups were balanced with regard to all patient and clinical characteristics. There was 
no statistical difference in modified Rankin Scale (mRS) score at hospital discharge, 3 months or 1 year (44.8% with 
mRS scores of 0 to 3 with window rooms at hospital discharge versus 47.2% with the same scores in nonwindow 
rooms at hospital discharge; adjusted odds ratio (aOR) 1.01, 95% confidence interval (95% CI) 0.67 to 1.50, P = 0.98; 
62.7% versus 63.8% at 3 months, aOR 0.85, 95% CI 0.58 to 1.26, P = 0.42; 73.6% versus 72.5% at 1 year, aOR 0.78, 
95% CI 0.51 to 1.19, P = 0.25). There were also no differences in any secondary outcomes, including length of 
mechanical ventilation, time until the patient was able to follow commands in the ICU, need for percutaneous 
gastrostomy tube or tracheotomy, ICU and hospital length of stay, and hospital, 3-month and 1-year mortality. 

Conclusions: The presence of a window in an ICU room did not improve outcomes for critically ill patients with 
SAH admitted to the ICU. Further studies are needed to determine whether other groups of critically ill patients, 
particularly those without acute brain injury, derive benefit from natural light. 



Introduction 

Natural light can be helpful for treating jet lag and insom- 
nia [1,2], seasonal affective disorder and nonseasonal 
depression [3,4,3]. Light may also improve outcomes for 
hospitalized patients [5]. Data from the surgical literature 
suggest that exposure to natural light may have a signifi- 
cant effect on length of hospital stay and other outcomes 
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[5,6]. In a study of patients hospitalized for myocardial 
infarction, exposure to natural light was associated with 
decreased mortality and length of stay [7]. 

Alteration of circadian rhythms [8,9], lack of sleep 
[10-12] and delirium [13] are large concerns for critically 
ill patients cared for in intensive care units (ICUs). The 
artificial environment of the ICU, including lack of natural 
light, frequent interruptions of sleep at night and noise, is 
often pointed out as part of the reason for patients' diffi- 
culty with sleep and abnormal arousal patterns [14]. Many 
ICUs have either no or very few windows. One study pub- 
lished 30 years ago suggested that critically ill patients 
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cared for after surgery in ICU rooms with windows may 
have a decreased incidence of delirium [15], and a more 
recent pilot study of esophageal resection patients sup- 
ported this finding [6]. Despite minimal evidence, clini- 
cians and specialty societies emphasize the potential 
importance of natural light for the quality care of critically 
ill patients [16]. The Society of Critical Care Medicine 
(SCCM) recommends a window in every room when 
designing a new ICU, as well as light that can be dialed up 
and down to minimize circadian rhythm disruptions [17]. 

The neurological ICU at the Columbia University Medi- 
cal Center, where patients in the present study received 
care through the beginning of 2006, had 12 patient rooms 
comprising seven with windows and five without. Patients 
were assigned to an ICU room upon admission on the 
basis of availability, without regard to whether there was a 
window in the room, therefore creating a natural rando- 
mized experiment. We tested the hypothesis that being 
cared for in an ICU room with a window improves out- 
comes for patients admitted with a diagnosis of subarach- 
noid hemorrhage (SAH). 

Materials and methods 

Cohort 

This study was a retrospective cohort study of a preexist- 
ing database of patients with a diagnosis of SAH admitted 
to the neurological ICU at Columbia University Medical 
Center between August 1997 and April 2006. All SAH 
patients were offered enrollment in the Columbia University 
SAH Outcomes Project. The study was approved by the 
hospital's Institutional Review Board, and in all cases writ- 
ten informed consent was obtained from the patient or 
the patient's surrogate. The diagnosis of SAH was estab- 
lished by the admission computed tomography (CT) scan 
or by xanthochromia of the cerebrospinal fluid if the CT 
was not diagnostic. Patients with aneurysmal and sponta- 
neous nonaneurysmal SAH were included. Patients with 
SAH due to trauma, arteriovenous malformation rupture, 
vasculitis and other structural lesions were excluded. Data 
were collected prospectively from the time of admission to 
the ICU. Detailed daily information was collected during 
the ICU admission for up to 14 days following the index 
bleed, including daily Glasgow Coma Scale (GCS) score 
and whether patients were intubated and mechanically 
ventilated. Patients were followed until hospital discharge, 
with assessments conducted at discharge, at 3 months and 
at 12 months regarding both mortality and functional out- 
come using multiple scales, including the modified Rankin 
Scale (mRS). Further information on this cohort has been 
published previously [18-20]. 

Clinical management 

External ventricular drainage was placed in all patients 
with symptomatic hydrocephalus or intraventricular 



hemorrhage (IVH) with a reduced level of conscious- 
ness. All patients were followed with daily or every- 
other-day transcranial Doppler sonography and received 
oral nimodipine. To maintain central venous pressure at 
approximately 8 mmHg, patients were treated with 0.9% 
normal saline and supplemental 5% albumin solution. 
Vasopressors were given to patients after surgery to 
maintain systolic blood pressure in the high normal 
range (140 to 160 mmHg). Clinical deterioration from 
delayed cerebral ischemia was treated with hypertensive 
hypervolemic therapy to maintain systolic blood pres- 
sure at approximately 200 mmHg. When clinical evi- 
dence of delayed cerebral ischemia persisted despite this 
therapy, balloon angioplasty was performed whenever 
feasible. 

Exposure 

Using electronic medical records, we established the 
room numbers for 988 patients during their stay in the 
ICU and assigned them as having been treated in a win- 
dow or nonwindow room (see Figure SI in Additional 
file 1 for the layout of the ICU at our hospital). Assign- 
ment of ICU rooms was based on availability. Practice in 
the neurological ICU at the time under study did not 
involve deliberate transfer of patients to window rooms 
or preferential assignment to window rooms as con- 
firmed by the distribution of patients in each room (see 
Table SI in Additional file 1). The nursing station 
wrapped around the entire unit, so all rooms were very 
close to clinical staff, again minimizing the potential for 
preferential assignment of patients to certain rooms. Vis- 
iting hours were continuous, except for changes in shifts 
for the nurses (7 AM to 8 AM and 7 PM to 8 PM), when 
visitors were asked to leave the unit. 

We excluded all readmissions to the ICU during the 
same hospital stay. A small subset, 121 patients (13.3%), 
spent part of their ICU stay in a room with a window and 
part in a room without. Including these patients, 44.6% 
received < 50% of their care in a non-window room and 
55.4% received > 50% of their care in a window room 
(Figure 1). The initial analysis excluded these patients 
and was performed only on patients who received all of 
their care in either a window room or a nonwindow 
room. The sensitivity analysis included the patients who 
were transferred from one room to another. For the sen- 
sitivity analyses, we assigned patients to either the win- 
dow or nonwindow group on the basis of whether they 
were in a window room for greater or less than 50% of 
the time (see Table S2 in Additional file 1). 

Analysis 

We analyzed data on all patients with SAH and then 
two specific subgroups defined a priori: (1) patients 
admitted in the summer, with analysis of patients 
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Readmission during same hospital stay 
n=78 



SAH Patient after 
exclusions 

n=910 



All care in window or non- 
window room 

n=789 



A 



Window room 
n=455 
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n=334 
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window room in ICU 

n=121 




<50% of time in 
window room 

n=54 



>50% of time in 
window room 

n=67 



Figure 1 Flowchart showing cohort exclusions for subarachnoid hemorrhage (SAH) patients admitted to the intensive care unit (ICU) 



admitted during the days or months with more than 
12 hours of daylight (March 17 through September 25, 
based on the 2000 calendar), as we hypothesized that 
this subgroup would allow for the greatest difference in 
exposure to light between the window and nonwindow 
groups; and (2) patients who had a worst Hunt-Hess 
score between grades I and III during their ICU stay, 
since these patients would be awake and therefore per- 
haps most likely to benefit from light exposure. We 
examined the baseline characteristics of the cohort, split 
by window status, including Hunt-Hess grade, modified 
Fisher scale grade, SAH sum score (defined as the 
amount of SAH in 10 individual cisterns or fissures on 
the admission CT scan, as well as and after an episode 
of rebleeding, quantified using previously described 
methodology) [21], IVH severity score, and Acute Phy- 
siology and Chronic Health Evaluation II (APACHE II) 
score [22]. We also recorded events during the ICU 
stay, such as vasospasm (any angiographic evidence of 
vasospasm or specifically delayed cerebral ischemia 



(DCI), defined as otherwise unexplained (1) clinical 
deterioration or (2) new infarct visualized on head CT 
that was not visible on the admission or immediate 
postoperative scan, or both). For the definition of vasos- 
pasm, other potential causes of clinical deterioration, 
such as hydrocephalus, rebleeding or seizures, were rig- 
orously excluded. DCI was diagnosed by the treating 
study neurologist and confirmed in a retrospective 
review of each patient's clinical course by two additional 
study physicians. Evidence of arterial spasm based on 
transcranial Doppler sonography or angiography was 
generally used to support the diagnosis but was not 
mandatory. Other therapeutic interventions recorded 
included the need for aneurysm clipping or coiling, the 
use of vasopressors and the need for mechanical ventila- 
tion. We report the percentages, means with standard 
deviations (± SD) and medians with interquartile ranges 
(IQRs). Differences between groups were tested using a 
f-test, j 2 test and/or Kruskal-Wallis test as appropriate. 
The primary outcomes were global functional status 
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(mRS score), grouped as 0 to 3 (no to moderate disabil- 
ity) and 4 to 6 (severe disability or death) at hospital 
discharge, 3 months and 1 year. The previous mRS 
score was carried forward if the patient was still alive at 
the next follow-up time point but the mRS score was 
not available. The differences in primary outcomes were 
assessed using t-tests and then logistic regression analy- 
sis, adjusted for measured patient characteristics. The 
final model included only those variables with a differ- 
ence of P < 0.25 between groups. 

Secondary outcomes included individual mRS scores 
(0 to 6) at hospital discharge, 3 months and 1 year; length 
of mechanical ventilation; time to measurement of a nor- 
mal GCS motor component (6 = obeys commands) in 
the ICU as a rough estimate of nondelirious and coopera- 
tive behavior; time to normal GCS score (score of 15); 
delirium at any time during ICU stay (yes or no based on 
clinician assessment); need for tracheotomy or percuta- 
neous endoscopic gastrostomy (PEG); ICU length of stay; 
hospital length of stay; and in-hospital, 3-month and 1- 
year mortality. Length of mechanical ventilation and 
daily GCS score were measured from the time of ICU 
admission up to 14 days after the onset of SAH. There- 
fore, length of time is censored at 14 days. GCS data 
were also available for only 534 (67.7%) of the 789 
patients. These data were analyzed using Kaplan-Meier 
curves, censoring on ICU discharge or death, and differ- 
ences between groups were assessed using the log-rank 
test and Cox proportional hazards models, adjusted for 
the same baseline characteristics with P < 0.25. 

Our sample size was constrained by the available data. 
However, on the basis of the finding in the control 
group of 64% of patients with mRS scores of 0 to 3 at 
3 months after hospital discharge, we were powered to 
detect an improvement of 10% with a power of 0.84 
and a significance level of 0.05. All data management 
and analyses were performed using Microsoft Office 
Excel software (Microsoft, Redmond, WA, USA), and 
Stata 10.0 software (StataCorp LP, College Station, TX, 
USA). 

Results 

Patient characteristics 

Of 789 patients with SAH cared for exclusively in rooms 
with or without windows, 455 patients (57.7%) received 
all of their care in an ICU room with a window and 334 
(42.3%) received all of their care in a room without one. 
The two groups were completely balanced with regard 
to baseline demographic and clinical characteristics as 
well as therapeutic interventions performed (Table 1). 
We found that 29.7% in the window group and 29.6% in 
the nonwindow group had a Hunt-Hess grade of IV or 
V (P = 0.88). Mean APACHE II scores were 11.5 ± 7.7 



versus 11.1 ± 7.4 in the window versus nonwindow 
groups, respectively (P = 0.48). 

Outcomes 

At hospital discharge, 3 months and 1 year, there were no 
differences with regard to mRS scores (categorized as 0 to 
3 and 4 to 6) in the window group versus the nonwindow 
group, both before and after adjustment using multivari- 
able logistic regression (Table 2) and when examined on 
the basis of individual mRS scores (Figure 2). There were 
also no statistically significant differences between the 
window and nonwindow groups for any of the secondary 
outcomes examined, including length of mechanical venti- 
lation, need for tracheotomy, PEG, length of ICU stay, 
length of hospital stay or mortality at hospital discharge, 
3 months or 1 year (Table 3). Time until following com- 
mands (GCS motor component = 6) was the same 
between the two groups (P = 0.46, Table 3; and Figure S2 
in Additional file 1), and the difference in time to return 
to normal total GCS score (score of 15) was not statisti- 
cally significant (P = 0.09, Table 3; and Figure S3 in Addi- 
tional file 1). 

Subgroups 

We examined two subgroups of patients who we 
decided on a priori to maximize the chance of seeing an 
effect of light. The first subgroup of patients were those 
admitted during the times of year with > 12 hours of 
daylight (summer). There were no statistically significant 
differences in the primary outcomes (Table 4), but there 
was a difference in the number of patients who required 
PEGs (8.9% in the window group versus 15.4% in the 
nonwindow group; P = 0.05). The second subgroup 
comprised patients who had a worst Hunt-Hess score of 
grades I to III in the ICU, on the assumption that the 
patients most likely to benefit from light would be those 
who remained awake during their ICU stay. In this sub- 
group, there were no statistically significant differences 
in outcomes between the groups. 

Sensitivity analysis 

We examined the patients who were transferred either 
from or to a window room during their ICU stay. Of the 
910 patients in the original cohort, 37 (4%) were trans- 
ferred from a window room to a nonwindow room, and 
79 (9%) were transferred from a nonwindow room to a 
window room. These patients were excluded from the 
primary analyses. We also performed a sensitivity analy- 
sis, including the SAH patients who moved to different 
rooms during their ICU stay and received some care in a 
window room and some care in a nonwindow room. We 
categorized these patients on the basis of their having 
received more or less than 50% of their care in a window 



Wunsch et al. Critical Care 201 1, 15:R81 
http://ccforum.eom/content/15/2/R81 



Page 5 of 10 



Table 1 Characteristics of patients with subarachnoid hemorrhage cared for in ICU rooms with windows versus 
without windows 3 



Characteristics 


Number of patients 


ICU room where patient received care 
Window No window 


P value 


Number of patients (%) 


789 


455 (57.7%) 


334 (42.3%) 




Demographics 










Mean age, yr (± SD) 


789 


54.5 + 14.5 


54.5 + 14.5 


1.00 


Female, % 


789 


69.5% 


65.3% 


0.22 


Caucasian ethnicity, % 


789 


50.6% 


50.6% 


0.99 


Social and past medical history, % 










Ever smoked 


731 


60.7% 


62.4% 


0.64 


Alcohol use b 


713 


62.4% 


58.8% 


0.32 


Sentinel bleeding 


735 


1 7.3% 


20.5% 


0.28 


Symptoms at onset, % 










Loss of consciousness 


771 


41 .6% 


38.0% 


0.32 


Seizures 


761 


1 1 .8% 


1 3.4% 


0.52 


Neurological and clinical exam on admission 










Hunt-Hess grade, % 


789 








l-ll 




43.1% 


44.6% 


0.88 


III 




27.3% 


25.8% 




IV-V 




29.7% 


29.6% 




Modified Fisher Scale score, % 


767 








1 




14.1% 


1 6.2% 


0.24 


II 




25.0% 


28.1% 




III 




39.1% 


37.9% 




IV 




20.0% 


1 4.7% 




Mean SAH sum score (± SD) 


765 


14.4 ± 8.4 


13.4 ± 8.6 


0.10 


Mean IVH severity score (± SD) 


765 


2.3 ± 3.2 


2.1 ± 3.0 


0.41 


Global cerebral edema, % 


749 


25.2 


27.1 


0.56 


Mean Glasgow Coma Scale score (± SD) 


778 


1 1 .9 ± 4.1 


1 1.8 ± 4.2 


0.87 


Mean APACHE II score (± SD) 


777 


115 + 77 


11.1 ±7.4 


0.48 


Aneurysm characteristics, % 










Anterior location 


643 


57.3% 


61.4% 


0.31 


Size > 10 mm 


642 


27.4% 


33.1% 


0.12 


Vasospasm, % 










Any angiographic vasospasm 


703 


10.3% 


9.8% 


0.84 


Delayed cerebral ischemia 


764 


31.9% 


36.0% 


0.23 


Hyponatremia during hospitalization (< 130 mM/l), % 


784 


13.3% 


1 1 .4% 


0.43 


Therapeutic interventions, % 










Aneurysm clipping 


761 


60.5% 


62.3% 


0.61 


Aneurysm coiling 


752 


21.4% 


21.5% 


0.96 


Any mechanical ventilation, % 


789 


47.0% 


47.0% 


0.99 


Any use of pressors 


780 


49.7% 


49.2% 


0.91 



a APACHE II, Acute Physiology and Chronic Health Evaluation II; IVH, intraventricular hemorrhage; SAH, subarachnoid hemorrhage; SD, standard deviation; TCD, 
transcranial Doppler imaging; b consumed alcohol at least once in the 6 months prior to SAH. 



room. Inclusion of these patients did not change any of 
the findings (Table S2 in Additional file 1). 

Discussion 

Despite anecdotal support for moving critically ill 
patients to window rooms when available, as well as 
specific guidelines from the SCCM regarding the need 
for windows in each room when constructing new ICUs 



[17], there is a paucity of clinical data on the topic of 
the effect of natural light on outcomes of critically ill 
patients. In this large study of a population of SAH 
patients, the presence or absence of natural light from a 
window in the ICU room did not affect any outcomes. 
These data do not support beneficial effects of a window 
in an ICU room on functional outcomes in SAH 
patients admitted to the ICU. 
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Table 2 Modified Rankin Scale score at hospital discharge, at 3 months and at 1 year for subarachnoid hemorrhage 
patients cared for in ICU rooms with window versus without windows, with adjusted odds ratios for likelihood of a 
modified Rankin Scale score of 0 to 3 a 



Measured parameters 


Number of patients 


Modified Rankin Scale score 
0 to 3, n (%) 4 to 6, n (%) 


P value 


Adjusted odds ratio (95% Cl) b 


P value 


Hospital discharge 














Window 


757 


1 94 (44.8%) 


239 (55.2%) 


0.51 


1.01 (0.67 to 1.50) 


0.98 


No window 




1 53 (47.2%) 


171 (52.8%) 




1.00 




3 months 














Window 


772 


277 (62.7%) 


1 65 (37.3%) 


0.78 


0.85 (0.58 to 1 .26) 


0.42 


No window 




210 (63.6%) 


1 20 (36.4%) 




1.00 




1 year 














Window 


789 


335 (73.6%) 


1 20 (26.4%) 


0.71 


0.78 (0.51 to 1.19) 


0.25 


No window 




242 (72.5%) 


92 (27.5%) 




1.00 





a 95% CI, 95% confidence interval; b adjusted for all factors with P < 0.25 on the basis of univariate analysis: patient sex, modified Fisher Scale score, subarachnoid 
hemorrhage sum score, aneurysm > 10 mm, delayed cerebral ischemia. 



Although this was not a randomized controlled trial, 
we were able to make use of the natural assignments of 
patients to window versus nonwindow rooms in the 
ICU during the time period studied. The effectiveness of 
this pseudorandomization was demonstrated by the bal- 
ance of all baseline patient characteristics and interven- 
tions in the two groups. Therefore, despite the 
observational nature of this study, unmeasured con- 
founding factors are less likely to affect our results or 
conclusions. However, we cannot fully exclude the 



possibility that the small number of patients who were 
transferred to or from window rooms were moved 
because of a perception that light may be beneficial, 
creating some bias toward the null hypothesis of no dif- 
ference between groups. 

One finding of a substantial decrease in the rate of 
PEGs performed in a subgroup of patients cared for in 
the summer (when light exposure is greatest), was statis- 
tically significant. Whether this finding represents an 
effect of increased strength and wakefulness, leading to 



Hospital 
Discharge 



3 months 



1 year 



Window 
No Window 

Window 
No Window 

Window 
No Window 



0% 



□ 0 □ 1 



13 D4 





P= 0.99 




P= 0.65 




P= 0.40 



20% 



40% 60% 
Patients 



80% 



100% 



Figure 2 Distribution of modified Rankin Scale (mRS) at hospital discharge, 3 months, and 1 year for patients cared for in window 
and nonwindow rooms. P values are for % 2 test for trend. mRS scores: 0 = no symptoms, 1 = no significant disability, 2 = slight disability, 3 = 
moderate disability, 4 = moderately severe disability, 5 = severe disability and 6 = dead. At hospital discharge, n = 757 (433 window and 324 no 
window); at 3 months, n = 772 (442 window and 330 no window); at 1 year, n = 789 (455 window and 334 no window). 
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Table 3 Secondary outcomes for subarachnoid hemorrhage patients cared for in ICU rooms with windows versus 
without windows 3 



Secondary outcomes 



Number of patients 



ICU room where patient received care 
Window No window 

4 (2 to 11) 



P value 



Median length of MV, (IQR) b 
Delirium at any time during ICU stay/) % 
Patients with a motor GCS score of 6 C , n ' 
Patients with a GCS score of 1 5 C , n % 



208 
784 
534 
534 



4 (2 to 8) 
54 (12.0%) 
248 (89.1%) 
207 (74.4%) 



34 (10.2%) 
224 (87.5%) 
1 74 (67.8%) 



0.52 
0.46 
0.46 
0.09 



Tracheotomy, n (%) 743 42 (9.8%) 40 (1 2.7%) 0.22 

Patients with MV, n (%) 371 42 (20.8%) 40(26.9%) 0.19 

PEG, n (%) 744 48(11.2%) 48(15.2%) 0.11 



Median ICU length of stay (IQR) 
All 

Survived 
Died 



789 8 (5 to 1 2) 

690 9 (6 to 1 3) 

99 2 (1 to 6) 



8 (5 to 1 2) 0.47 
8 (5 to 12) 0.21 
4.5 (1 to 9) 0.14 



Median hospital length of stay (IQR) 
All 

Survived 
Died 



789 



1-13 



1 3 (8 to 20) 

14 (10 to 22) 
5 (1 to 10) 



1 3 (9 to 1 9) 
13 (10 to 21) 
5.5 (2 to 14) 



0.97 
0.74 
0.36 



ICU mortality, n (%) 789 55 (12.1%) 44(13.2%) 0.65 

In-hospital mortality, n (%) 789 81(17.8%) 62(18.6%) 0.78 

3-month mortality, n (%) 776 96 (21.3%) 69(21.2%) 0.99 

12-month mortality, n (%) 751 102 (23.5%) 76(24.0%) 0.88 

a GCS, Glasgow Coma Scale; IQR, interquartile range; ICU, intensive care unit; MV, mechanical ventilation; PEG, percutaneous endoscopic gastrostomy tube; b of 371 
(47.0%) total patients who received MV, data on length of MV were available for 208 patients (56.1%); c daily GCS score data were collected for the first 14 days 
from the time of subarachnoid hemorrhage. P values are based on the log-rank test. Data regarding time to normal GCS score are presented in Figures S2 and 
S3 of Additional file 1, along with adjusted hazard ratios. 



a decreased need for a more permanent feeding tube, or 
whether it is a statistical artifact, given the multiple sec- 
ondary outcomes, remains to be tested in future studies. 

Extensive literature exists regarding the potential 
importance of different aspects of the environment for 
health and healing [23], including a randomized con- 
trolled trial of care for older adult hospitalized patients 
in a "designed" environment showing improvements in 
functional status at hospital discharge [24]. Other stu- 
dies of different environmental factors such as music, 
natural scenery and light suggest improvements for 
patients, including less need for analgesia, fewer cardiac 
complications, shorter length of stay and decreased mor- 
tality [7,25,26]. Moreover, data show that critically ill 
patients often have difficulty sleeping, with disruption of 
normal circadian rhythms leading to a potential detri- 
mental impact on outcomes such as mortality [11,12]. 
One study by Mundigler and colleagues [9] documented 
profound impairment of the circadian rhythm of mela- 
tonin secretion in sedated critically ill patients with 
severe sepsis, and studies of surgical patients have docu- 
mented decreased concentrations of melatonin after 



surgery [27,28]. These findings, along with data regard- 
ing the ability of natural light to "reset" the circadian 
rhythm, provide evidence for the potential importance 
of natural light and the ability for the body to receive 
cues of day versus night [1]. 

As far back as 1977, a statement published in Anaes- 
thesia decreed that "the construction of any further win- 
dowless units can no longer be regarded as acceptable" 
([29], p601). However, only a few small studies have 
suggested that receiving intensive care in an ICU with 
windows may be associated with improved outcomes. 
These studies have primarily demonstrated a decrease in 
the incidence of delirium [6,15,30]. While recent studies 
have demonstrated strong associations between delirium 
and poorer short- and long-term outcomes for critically 
ill patients [13,31], a decrease in delirium itself has not 
been shown to cause improvements in other patient 
outcomes, such as mortality [32]. 

The present study does have a number of limitations. 
First, the study cohort consisted of patients with acute 
brain injury, which might make external stimuli less 
important than it would be for some critically ill 
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Table 4 Outcomes for subgroups of subarachnoid hemorrhage patients cared for in ICU rooms with versus without 
windows 3 

Subgroups of patients 
Admitted in summer b Worst Hunt-Hess grade (I to III) 



Patient outcomes 


Window 


No window 


P value 


Window 


No window 


P value 


Nhimhpr of n3tipnt<; % 


731 (58 6%) 


163 (41 4%) 

I UJ 1 ,*T 




258 (57 ?%) 


1 93 (47 8%1 

i y~) /uj 




Modified Rankin Scale score, n (%) 














Hospital discharge 












0.90 


0 to 3 


100 (47.2%) 


74 (47.7%) 


0.9 1 


1 79 (72.5%) 


138 (73.0%) 




4 to 6 


1 1 1 (^1 R%1 


81 (^1 3%1 

O 1 /UJ 




69 (11 

UO \t- / J /UJ 


J I \Z/ .V /UJ 




3 months 












0.96 


0 to 3 


147 (66.8%) 


102 (63.8%) 


0.53 


222 (89.2%) 


1 70 (89.0%) 


- 


4 to 6 


73 (33.2%) 


58 (36.3%) 




27 (10.8%) 


21 (11 .0%) 
















0 1 7 


0 to 3 


1 77 (7 ft 61 


116 f71 ?%1 
i i u V' ' -z '"J 


0 22 


1A9 (Qf\ 1 %1 
ztu i iuj 


1 90 (Q3 3%! 
i ou \y j). j> /uj 




4 to 6 


S4 03 41 


47 (IP, 9%) 

*Tf \/LO.O /UJ 




1 0 R Q%1 

1 U /U) 


1 3 (f\ 7%1 




Median length of MV {IQR) 


4 (2 to 6) 


4 (2 to 9) 


0.35 


2 (1 to 3) 


1.5 (1 to 2) 


0.22 


Hplirii im p\\ ^n\/ timp Hi irinn \(~\ I ^1"3v n (®/ri) 

L/d 1 1 1 U 1 1 1 ul Oily LIIIIC: U U 1 II iy l^w j lu y , II \ /UJ 


19 ("19 90/ n ) 

Z.CJ ^ 1 Z..Z. /u^ 


^ 1 ^J.Kj /UJ 


0.68 


ii no s%) 


73 (1 7 0%1 

Z..J \ 1 Z..V /UJ 


0.62 


Tracheotomy, n (%) 


19 (8.5%) 


22 (14.1%) 


0.08 


3 (1.2%) 


0 (0.0%) 


0.13 


Of those with MV, n {%) 


19 (19.8%) 


22 (27.2%) 


0.25 


3 (8.1%) 


0 (0.0%) 


0.12 


rCVj, il \/0) 


10 (9 QQA\ 


Z.'-r \ \ D.'-r /UJ 


0 05 


1 (0 9%) 
Z l,U.O /UJ 


n en no^ 

u \u.u /oj 


0 22 


Mprlian 1 C I J pnnth nf ^tav ("IDRI 

ivitTLJioi i i^u itri iyu i ^i ji_uy ^iv^i \j 














All 


8 (6 to 1 2) 


8 (5 to 1 2) 


0.75 


8 (5 to 1 0) 


7 (4 to 9) 


0.05 


Survived 


9 (6 to 1 2) 


8 (6 to 1 3) 


0.80 


8 (5 to 1 0) 


7 (4 to 9) 


0.07 


Died 


4.5 (1 to 6) 


5 (2 to 6) 


0.44 


NA 


NA 


0.32 


Median hospital length of stay (IQR) 














All 


1 3 (9 to 20) 


1 3 (8 to 20) 


0.80 


11.5 (9 to 15) 


1 1 (9 to 1 5) 


0.49 


Survived 


14 (10 to 21) 


14 (10 to 24) 


0.90 


11 (9 to 1 5) 


11 (9 to 1 5) 


0.63 


Died 


5 (1 to 8) 


5 (3 to 7) 


0.54 


NA 


NA 


0.22 


ICU mortality, n (%) 


26 (1 1 .3%) 


22 (1 3.5%) 


0.50 


1 (0.4%) 


1 (0.5%) 


0.84 


In-hospital mortality, n (%) 


35 (15.2%) 


31 (19.0%) 


0.31 


1 (0.4%) 


2 (1.0%) 


0.40 


3-month mortality, n {%) 


43 (1 8.8%) 


35 (22.0%) 


0.43 


5 (2.0%) 


6 (3.2%) 


0.40 


12-month mortality, n (%) 


46 (20.6%) 


40 (25.5%) 


0.27 


5 (2.1%) 


8 (4.4%) 


0.17 



a GCS, Glasgow Coma Scale; IQR, interquartile range; MV, mechanical ventilation; PEG, percutaneous enterocutaneous gastrostomy tube; ICU, intensive care unit; 
b admitted March 17 through September 25. NA, not enough data available (1 or 2 patients each). 



patients with other organ dysfunctions, such as patients 
with severe sepsis or acute respiratory distress syn- 
drome. Moreover, awake patients with SAH may have 
photophobia, which might affect the natural light expo- 
sure they receive. Further studies are clearly needed to 
assess the effect of natural light in other groups of criti- 
cally ill patients. However, the benefit of studying SAH 
patients is that they are relatively well characterized in 
terms of their disease process, thus decreasing the 
uncertainty and potential unmeasured confounding fac- 
tors associated with studies that usually attempt to 
examine a wider population of ICU patients. 

We did not have daily measures of the amount or type 
of sedation, delirium, agitation or sleep for these patients. 
Information on sedation in particular would be valuable, 



as there may be a strong impact of the effect of light on 
sedated versus unsedated patients. We used the motor 
subscore of the Glasgow Coma Scale as a proxy for 
attainment of normal cognition without delirium, but it 
is possible that a more sensitive measure of delirium, 
such as the Confusion Assessment Method [33], or a bet- 
ter measure of alertness and arousal, such as the Coma 
Recovery Scale [34], would allow for discrimination of 
this intermediate outcome between the two groups. 
However, it remains unclear whether influencing an 
intermediate outcome without a concurrent benefit in 
the longer term constitutes a meaningful intervention 
[35]. Moreover, our data set provides detailed informa- 
tion on both patient characteristics and outcomes, 
including long-term mortality and functional status up to 
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1 year, which is unusual for a critically ill cohort of this 
size. Patients with SAH are known to continue to show 
improvement well after hospital discharge [36], and 
recent data on critically ill patients suggest that conclu- 
sions regarding outcomes based on short-term data, such 
as 28-day mortality, may be altered by longer-term 
follow-up [37]. 

Finally, we were limited to light exposure that 
occurred in the ICU and not on the hospital wards as 
well because of the complex nature of hospital care and 
transfers out of the ICU. Thus, it is possible that our 
negative findings are a result of too little time spent in a 
window room and that more consistent light exposure 
throughout the hospital stay might yield different 
results. However, most patients spent at least 1 week in 
the ICU for observation for vasospasm, thus increasing 
their light exposure. Moreover, many of the guidelines 
regarding the need for windows and light exposure 
focus on the ICU [16,17]. Given the costs and logistics 
associated with providing windows in ICU rooms, the 
question remains relevant whether exposure to natural 
light in the ICU alone can affect patient outcomes. 

Our study cannot rule out the possibility that expo- 
sure to light in either a different manner or a different 
critically ill population might provide benefit. One 
future area of exploration may be a more tailored expo- 
sure to bright light. Data from studies of light therapy 
for seasonal affective disorder suggest that dosing and 
timing strategies can optimize antidepressant effects 
[38]. More recent studies have suggested that rest- 
activity disturbances associated with dementia in older 
adult patients could be partially allayed with light ther- 
apy [39]. Clearly, we are only beginning to understand 
the complicated interplay between environment and 
health. Given the high stakes for critically ill patients, 
further work is needed to elucidate whether there are 
nonpharmacological aspects of care that may be of 
benefit in the ICU. 

Conclusions 

In conclusion, anecdotal evidence of improved outcomes 
and ICU design guidelines support the potential impor- 
tance of windows in ICU rooms. This retrospective ana- 
lysis of patients with SAH admitted to a neurological 
ICU did not demonstrate any differences in either 
short- or long-term functional outcomes for patients 
depending on whether they received treatment in a win- 
dow or nonwindow room. Further studies are needed to 
determine whether other groups of critically ill patients, 
particularly those without acute brain injury, may derive 
benefit from natural light. Associations between light 
and other outcomes, such as the development of delir- 
ium, as well as the interplay between light exposure and 
sedation, also remain to be explored. 



Key messages 

♦ Windows and exposure to natural light are postu- 
lated to benefit critically ill patients, but few studies 
have been conducted on this topic. 

♦ Short and long-term functional outcomes for criti- 
cally ill patients with subarachnoid hemorrhage were 
not affected by receiving care in an ICU room with 
a window. 

♦ Length of ICU stay, length of hospital stay and 
other secondary outcomes were not affected by 
receiving care in a window room. 

♦ Further research is needed to determine whether 
exposure to natural light may benefit other groups 
of critically ill patients, particularly those without 
brain injury. 

Additional material 



Additional file 1: Additional figures and tables This file includes 
additional figures and tables, including (1) the layout of the neurological 
intensive care unit (ICU) and distribution of patients in each bed in the 
ICU, (2) a sensitivity analysis that includes patients who transferred beds 
during the stay in the ICU and (3) an analysis of time to recovery based 
on daily measurement using the Glasgow Coma Scale. 
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